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A 6-year-old boy from China presented initially at 2 years of  age with a pulsatile mass in 
his right antecubital fossa. He was not fully evaluated until the age of  six years, when 
pan-angiography and computed axial tomography scan revealed multiple anettrysms of 
his right brachial artery, right radial artery aneurysms, an infrarenal aortic aneurysm, and 
a right internal carotid artery aneurysm in the region of  the cavernous sinus. The patient 
underwent uneventful repairs of  both the abdominal aortic aneurysm and the multiple 
aneurysms of the right arm. Pathologic evaluation was significant for medial fibrosis of  
the arterial wall with decreased and disordered elastin fibers. Review of  the previously 
reported cases in children indicate the upper extremity arteries are involved in 92% of  
patients, the aortoiliac region in 92% of  patients, and the renal/mesenteric vessels in 77% 
of  cases. Lower extremity and cerebrovascular teries are involved to a lesser extent. 
Children with peripheral aneurysms hould have pan-angiography performed before 
treatment is begun. Surgical repair in these cases has been excellent. (J Vase Surg 1997; 
25:949-56.) 
Multiple aneurysms in young patients are rare, 
usually presenting in chi ldhood or adolescence, but 
they may go unnoticed until adulthood. They are 
known to occur in association with connective tissue 
disorders such as Ehlers-Danlos syndrome (EDS) 
and Marfan's syndrome. They also occur in associa- 
tion with various types of  arteritis such as Takayasu's 
disease, polyarteritis nodosa, and Kawasald's disease. 
There are reported cases o f  multiple aortic aneurysms 
in association with tuberous clerosis and coarctation 
of  the aorta. Aneurysmal disease has also been re- 
ported in children in association with trauma and 
infection, although these are usually single aneu- 
rysms. Several case reports o f  children with multiple 
systemic aneurysms have been published in which no 
clear cause was found. We report a case of  multiple 
aneurysms in a &year-old boy with no evidence of  
any of  these disease ntities. 
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CASE REPORT 
The patient is a 6-year-old boy from China who ini- 
tially presented at the age of 2 years with an asymptomatic 
pulsatile mass just above the right antecubital fossa. There 
was no family history of aneurysmal disease or connective 
tissue disorders. The patient did not have any history of 
medical problems or of a febrile illness. He underwent an 
evaluation i  Tienjin, China, which included an angiogram 
that showed normal coronary vessels and multiple aneu- 
rysms of the right brachial artery. No other arteries were 
commented upon. The family was instructed to keep the 
child out of school and to restrict his activities. They were 
offered no surgical therapy other than an arm amputation, 
if rupture occurred. The patient was referred to our insti- 
tution for evaluation and treatment. 
On presentation the patient was a well-nourished, 
well-developed boy without evidence of hypermobile 
joints, hyperextensible sldn, or ecchymosis. Three pulsatile 
masses were evident on the right upper arm extending 
from 5 cm below the axilla to the antecubital fossa in the 
distribution of the brachial artery. The largest mass was 
approximately 4 cm in diameter. The abdominal examina- 
tion revealed a large pulsatile mass in the mid to upper 
abdomen. The rest of the physical examination was nor- 
mal. Blood tests, including complete blood count and 
erythrocyte sedimentation rate, revealed no abnormalities. 
Blood cultures were negative. 
Because of the findings ofa pulsatile abdominal mass in 
addition to the arm aneurysms, pan-angiography was per- 
formed including imaging of the upper and lower extrem- 
ities, the entire aorta and its branches, and the cerebral 
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Fig. 1. A, Contrast-enhanced computed tomography scan of abdomen showing infrarenal 
aneurysm at maximal diameter. B, Angiogram of abdominal orta demonstrating same. 
vasculature. In addition, a computed axial tomography 
scan of the abdomen, chest, and head was performed. 
These studies revealed a 6.5 cm infrarenal ortic aneurysm 
to several centimeters above the aortic bifurcation (Fig. 1). 
An aneurysm of the right internal carotid artery of approx- 
imately 1.5 cm was seen in the cavernous sinus without any 
other intracranial neurysms or arteriovenous fi tula (Fig. 
2). Multiple aneurysms of various sizes were seen in the 
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Hg. 2. Aneurysm of cavernous portion of right internal carotid artery. 
right upper extremity including several in the brachial 
artery. One of the aneurysms involved the brachial artery 
trifurcation and included the origins oft_he ulnar and radial 
arteries (Fig. 3). There were also small aneurysms measur- 
ing approximately 1 cm or less of the proximal ulnar artery, 
the distal radial artery at the wrist, the axillary artery, and an 
aneurysm that appeared to be emanating from the thora- 
coacromial artery. No visceral or lower extremity aneu- 
rysms were seen. No complications from angiography oc- 
curred. 
The patient underwent repair of the abdominal ortic 
aneurysm with a 16 mm polytetrafluoroethylene graft and 
continuous polytetrafluoroethylene sutures. Samples of
skin and aorta were sent for pathologic examination. He 
recovered uneventfully and 1 week later underwent a by- 
pass of the brachial artery from the distal axillary artery to 
the brachial artery trifurcation with reversed saphenous 
vein. The neurosurgical team was consulted for the cere- 
bral aneurysm. It was their opinion that because of its 
location and the patient's age, conservative management 
with observation was appropriate. The patient recovered 
uneventfully with normal wound healing during the 2 
weeks he was observed before returning to China, where 
he will be monitored for the cerebral aneurysm and for any 
further aneurysm formation. 
Routine light microscopy of the aorta revealed intimal 
and medial fibrosis with fragmentation and loss of elastin 
and smooth-muscle fibers. There was variable smooth- 
muscle cell proliferation and an apparent increase in colla- 
gen or ground substance within the intima and media. No 
clear evidence of infiltration with inflammatory cells was 
seen (Fig. 4 and 5). Immunohistochemical stains per- 
formed at an outside laboratory demonstrated no abnor- 
malities. Electron microscopy of the aorta confirmed the 
findings on light microscopy. The pathologic studies of the 
skin showed no abnormalities. Blood drawn before surgery 
was analyzed for plasma elastase activity levels measured by 
anaidolytic activity, which was 430 ng/dl. 2° This level was 
elevated compared with values obtained from a control 
group (Asian men average 312 ng/dl) and is particularly 
significant as plasma elastase levels increase with age. 21'22 
Genetic analysis for mutations at various loci is currently 
underway. 
DISCUSSION 
Aneurysmal disease in young patients is uncom- 
mon. Most cases are associated with underlying 
causes such as trauma, infection, connective tissue 
disorders, or arteritis. Multiple arterial aneurysms are 
even more uncommon and in most cases involve octe 
part of  the arterial system (i.e., only involving renals 
or only involving the aorta). Only 12 scattered cases 
of  patients such as this child with aneurysms of  sev- 
eral different parts o f  the arterial tree have been 
reported before this patient (Table I ) )  ds These chil- 
dren do not all appear to fit into one particular 
pathologic classification, although the most likely 
classification is class V. 14 
In reviewing these cases including the one re- 
ported here, several interesting observations become 
apparent (Table II). The incidence in men and 
women does not appear to be significantly different. 
More than half o f  the patients present before the age 
of  10 years, and none o f  the patients has any family 
members with aneurysmal disease. Greater than 90% 
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of the patients have aneurysms of the upper extrem- 
ities and the aortoiliac system. The renal and the 
mesenteric arteries are involved in most cases. Lower 
limb, carotid, and intracranial rteries are involved in 
less than half of the cases. The pathologic evaluation, 
when available, demonstrates fibrosis of the intima 
and media of the vessel walls with fragmented elastin 
fibers and increased mucopolysaccharide content. 
Only one patient had any evidence of an immune- 
related cause on pathologic examination. 
Although several of the authors proposed either 
EDS, type IV, or a vasculitis as possible causes, only 
two of the cases demonstrated any evidence of these 
entities, and neither of  these cases demonstrates the 
cause definitively. 2,9 However, the age at presenta- 
tion, the number and distribution of the aneurysms, 
and the abnormalities seen in the elastin, collagen, 
and ground substance on pathologic examination 
suggest hat there is an underlying enetic disorder 
of connective tissue metabolism. Arterial tissues may 
be more susceptible than other tissues depending on 
the component of the connective tissue involved. A 
good example of this is EDS type IV, where there are 
mutations in the COL3A1 gene that affect he syn- 
thesis of type III procollagen. Collagen III (COL3) 
is in skin (especially fetal skin), blood vessels, and the 
uterus. In these patients there does not appear to be 
the hyperextensible skin or hypermobile joints seen 
in other types of EDS, despite the fact that EDS type 
IV can actually be diagnosed by the amount of 
COL3 in the skin or production of COL3 by cul- 
tured fibroblasts from skin. EDS type IV may only 
manifest itself in other organs when stressed, for 
example the uterus, which may spontaneously rup- 
ture only during pregnancy. 
The elevated serum elastase level in this child 
together with the consistent findings of fibrosis with 
increased ground substance deposition and elastin 
fiber loss on pathologic examination i the reported 
cases propose some very interesting possibilities as to 
the genetic basis of  this disease pattern. There is one 
other case in which an elevated serum elastase has 
been reported in a child with a congenital thoracoab- 
dominal aneurysm. 15 Elastase levels are not reported 
for the rest of the cases of multiple aneurysms. The 
presence of fragmented and decreased elastin fibers 
and the observation that many of these patients con- 
tinued to have new sites of aneurysmal formation 
over a period of years suggest an ongoing elastolytic 
process as a possible basis of the disease. The ques- 
tion also arises as to whether this is an early inherita- 
ble form of aneurysmal disease seen in some older 
adults, in whom increased serum and tissue elastase 
Table I. Reported cases of multiple 
arterial aneurysms 
Age 
Case Author/yr (yr) Sex Location 
I Miguel 14 M Multiple infrarenal aortic aneurysms 
1834 L/arm aneurysm 
II Imahori 36 F Both radials 
1969 Both anterior/posterior tibial artery 
R coronary artery 
SMA 
Splenic art 
III Burnett 7 F Bilateral brachials 
1973 AAAx2 
Mirza R/ ICA 
1979 
IV Williams 51/2 M Bilateral radials L/brachial 
1975 R/renal artery AAA 
Bilateral common iliac 
art aneurysm 
L/intra renal aneurysm 
V Short 7 F R/brachial (×4 over 4 yr) 
1978 L/popliteal R/popliteal 
AAA inffarenal 
Bilateral intrarenal neurysm 
R/CLA 
R/ant tib 
VI Haynes 32 F AAA infrarenal 
1982 L/renal artery 
Hepatic artery 
Splenic artery 
R/CL~ 
Phrenic artery 
VII Schiller 8i/2 M AAA x2 
1983 R/brachial artery 
R/renal 
R/internal i iac artery 
Multiple aneurysms of R/popliteal 
& posterior tibial 
VIII Fee 3 Multiple L/subclavian aneurysm 
1983 Ectatic R/common carotid artery 
Splenic artery 
Phrenic artery 
IX Bordeaux 7 F L/popliteal (multiple) into 
1988 anterior tibial 
L/brachial 
AAA (infrarenal) 
L/internal i iac artery 
L/Intrarenal 
X Lanfermann 61/2 M Bilateral ICA 
1990 L/subclavian multiple L/brachial 
R/brachial 
_&&A to renals 
R/CIA-L/CIA x3 
Bilateral ECA 
IMA 
R/renal R/hepatic 
XI DeLeiter 18 M R/brachial 
1991 R/intrarenal 
L/brachial x2 
R/carotid & multiple intracerebral 
L/popliteal 
Splenic artery 
Side branches of iliac arteries 
XII Olgunturk 3 M Ascending aortic arch 
1993 Both axillary arteries 
AAA (infrarenal) 
M, Male; F, female; L, left; R, right; AAA, abdominal aortic 
aneurysm; ICA, internal carotid artery; SMA, superior mcscntcric 
artery; EDS, Ehlers-Danlos syndrome; CIA, common lilac artery; 
ECA, external carotid artery; IMA, inferior mesenteric artery; 
PAN, polyarteritis nodosa. 
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'Pathologic 
Presentation findings Possible cause 
Widespread connective tissue EDS type IV 
abnormalities--including skin
Mostly defect/disordered collagen 
Rupture/death 
i) Carotid-Cavernous sinus fistula 
2) Splenic artery rupture/death 
1) L/brachial artery aneurysm (Age 7) 
2) AAA-symptomatic Age 17 
1) When admitted for respiratory infection, 
noted small aneurysms of brachial & 
radial artery 
2) 12 yr-ruptured intrarenal neurysm 
L/brachial art aneurysm Over next 8yrs 
presented with rest of aneurysms 
1) Hypovolemic shock with abdominal 
distension-questionable renal 
artery aneurysm 
Long complicated course after uptured AAA 
AAA-symptomatic 
Ischemic L/upper extremity secondary to 
embolism 
L/Popliteal aneurysm after "inflammatory 
syndrome" 
Abdominal pain secondary to thrombosis 
L/renal artery aneurysm 
Defects in structured quantity of 
elastic fibers 
Distorted elastic fibers in media- 
replaced by collagen; increased 
mucopolysaccharides in media 
"Subadventiatial fibrosis" 
Pathology of brachial aneurysms 
- -no specific histology abnormalities 
--skin biopsy--no abnormal connective 
tissue by light microscopy 
All resected arteries howed idiopathic 
medial necrosis 
Fragmentation a d disordered elastic 
fibers 
Increased muccopolysaccharide content 
Extensive atheromatosis with destruction 
of aortic wall 
Skin & fibroblast cultures--no 
connective tissue abnormality 
No inflammation 
Marked internal elastic proliferation 
Normal elastic tunica 
media vasovasorum 
Fibrous walled false aneurysm with 
polymorphous lesions 
Inflammatory arteritis of vasovasorum but 
immunoflnorescence demonstrates no
immune complex 
No pathology done--No OR 
EDS--"benign type" type II 
Unknown--no history consistent 
with EDS or vasculitis 
Unknown--no history consistent 
with EDS or vasculitis 
Unknown--No history of EDS 
No pathology concurrent 
with this 
Unknown--no known febrile illness or 
history consistent with EDS 
Unknown but author's felt vasculitis 
(Takayasu arteritis or PAN) 
Suspected minor form of EDS 
or something like Kawasaki's arteritis 
Unknown~did not think EDS 
secondary to normal skin bx 
Did not think vasculitis econdary 
to normal coronary angio, normal 
echo and no "immune conplexes" 
Mass in R/arm × several yrs, which 
expanded rapidly after accident 
Mucoid degeneration f media with some Unknown--No defects found even as 
disordered connective tissue with genetic analysis 
Mass in bilateral axilla & umbilical area (pulsafile) 
Hyperelastic skin 
Joint hypemaobility 
No surgery done 
No pathology 
EDS Type IV (unknown) by clinical 
suspicion--not confirmed 
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Fig. 3. A, Angiogram of brachial artery from axilla (AX) to just proximal to antecubital fossa 
(ACF), and B, at antecubital region demonstrating continuous chain of aneurysms. R, Radial 
artery; U, ulnar artery. 
JOURNAL OF VASCULAR SURGERY 
Volume 25, Number 5 Halpern et al. 95,5 
Fig. 4. Histologic appearance of abdominal aortic aneurysm wall stained with Weigert-Van 
Geison elastin stain at magnification of ×40 (A) and ×100 (B), both demonstrating loss of 
elastin fibers. 
Fig. 5. Hematoxylin-eosin stain of normal aorta (A) and in contrast patient's aorta (B) a t  
magnification of ×40 to demonstrate hickening of intima and fibrosis of media seen aneurysm 
wall. 
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Table II. Data from known cases (N -- 13) 
Sex 
Male (%) 
Female (%) 
One unknown 
Location of aneurysms 
Upper extremities (%) 
Aortoiliac (%) 
Renals/mesenteric (%)
Cerebrovascular (%) 
Lower extremities (%) 
Age of presentation 
Younger than age 10 yr (%) 
Mean age of presentation (yr) 
7 (53.8) 
5 (38.5) 
12 (92.3) 
12 (92.3) 
10 (76.9) 
6(46.1) 
5 (38.5) 
9 (69.2) 
11.8 
levels have been associated with the presence of ab- 
dominal aortic aneurysms. 18,19 
CONCLUSION 
We recommend that children with upper extrem- 
ity aneurysms be aggressively investigated for other 
arterial aneurysms. This investigation should include 
pan-angiography of the entire aorta, other extremity 
vessels, and the carotid arteries. The results of sur- 
gery in these patients have been excellent. With the 
exception of one patient there have been no reports 
of vessel friability or complications of wound healing. 
Left untreated, several patients died of aneurysm 
rupture, and others have had limb loss caused by 
aneurysm thrombosis. On the basis of this review 
surgical repair ofaneurysms in these patients appears 
to be not only feasible but warranted. Further studies 
directed towards the connective tissue changes een 
on pathologic examination could prove valuable in 
elucidating the cause of this syndrome and possibly 
of aneurysmal disease in adults. 
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